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(54) Estimation of constellation ^ze for adaptive modulation system 



(57) In the present inverrtion, a modulation level 
estimation unit calculates the square en-or of the mini- 
mum value of distances fc>etween each agnal point 
received at a modulation level ML and tfie signal point of 
a received signal at each nnoduiation level ML A 
received power measurement unit measures the 
received power level of the received signal. A modula- 
tion level estimation unit calculates the value obtained 
by multiplying tiie square error calculated at each mod- 
ulation level ML, by a weighted calculation from both a 



threshoki power level for switching the modulation level 
ML and the received power level as a likelihood value at 
each modulation level ML Thea the modulatbn level 
estimation unit estimates a modulation level ML corre- 
sponding to the maximum likeGhood value of all the like- 
lihood values at the modulation level ML as a 
modulation level ML of the received signal, witfiout 
transmitting ariy codewvords on tfte used modulation 
level. / 
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Description 

Background of the Invention 
5 Field of the Invention 

[0001] The present invention relates to an adaptive moduiation method which can be applied to a mobile communis 
cations system, and more particularty to an adaptive moduiation method Ibr changing a modulation level based on a 
channel power gain. 

10 

Description of ttie Related Art 

[0002] In digital communications, particularly in mobile commiffilcations systems, it is widely known that line quality 
(such as a bit error rate) significantly degrades by variations in the received signal-to-noise ratio (SNR) due to fading. 
IS This phenomenon occurs when signal waves are affected by delayed signal waves including scattered signal waves. 
That is. the amplitude and the phase of a signal varies with time. The fading varies occur in the range of several tens of 
dBs. 

[0003] The modulatton method whk:h Is not adaptive to a fading channel (hereinafter refen-ed to as a nonadaptive 
modulation method) is a method with which a modulation level (and a transmission power) is fixed. If this modulation 

20 method is applied, a fairiy large link margin must be secured in order to maintain the channel quality aliow^ by the sys- 
tem in a time period during which the signal level drops due to fading (deep fades). To secure the link margin, for exam- 
ple, a strong en*or correction which trades off a transmission bandwidth must be applied. Namely, the system to which 
the non-adaptive modulation method is applied is effectively designed for the worst case channel conditions. Accord- 
ingly, with such a system, the channel capacity over fading channels cannot be effk:iently utilized. 

25 [0004] In recent years, an adaptive modulation method intended to efTiciently utilize the capacity over a fading channel 
has been actively studied and developed. 

[0005] The bit error rate performance of a moc&ilatk}n method depends on the distance t>etween signal points imple- 
mented with the modulatfon method, that is. on Eb/No (or Es/No). Tfns is convnon to any modulation methods. 
[0006] Also an error conection technk^ue intended to improve channel quafity Is a technique fbr regularly extending 

30 the distance between signal points by using redundant bits. 

[0007] In fading ctiannels, the probability of occurrence of the worst conditions is conskJerably small. That is. commu- 
nk;ations are made under the condition better than the maximum bit error rate allowed by the system in most of the total 
time. Accordingly, an optimum transmission can be realized by performing control so that the required bK error rate is 
maintained with an adaptive change of a transmission power level, a transmission symtx)l rate, a nxxiulation level, a 

3S coding rate, or their contbinatfon. depending on a channel conditk>n. This is the princqale of an adaptive modulatk)n 
method. 

[0008] Adaptive modulatk>n techniques provide high average spectral effectively by transmitting at high data rates with 
higher moduiation levels under favoratsle channel conditions^ and reducing througfput via tower modulation levels or 
transmission-off as the channel degrades. 
40 [0009] The measurement of the channel condition can be periormed by the instantaneous received SNR and the 
average received SNR. 

[001 0] Rg. 1 A shows the prindple of the adaptive modulation method. In this figure, x(i) is a transmission signal output 
from a transmitter 1001 at a station A whk:h is a first station. y(i) is a received signal received by a receiver 1003 at a 
station B which is a second station opposing the station A. g(i) is a time-varying gain due to fading, and n(i) is an addi- 
45 five white Gaussian noise (AWGfM). 

[001 1] Fbr a bkJirectional communications system, two sets of the system shown in Rg. 1 A. which has reverse trans- 
mission directions, are included. 

[001 2] If the channel 1 002 is a channel on which the fading of the link In the first direction (from the station A to the 
station B) correlates with that of the link in the second direction (from the station B to the station A), tor example, a TDD 

so (Time Division Duplex) channel, the following control operations are performed. 

[001 3] A channel estinriating unit 1 006 within the receiver 1 003 at the station B on tiie first direction link estimates the 
power gain of the channel 1002. and notifies of the estimated channel Information a demodufator/decoder unit 1007 
within the receiver 1 003 at the station B. The demodulator/decoder unit 1 007 demodulatesAdecodes the received signal 
y(0 received from the first direction link after equlization based on the estimated channel informatton. Furthermore, the 

55 channel estimating unit 1006 within the receiver 1003 at the station B notifies an adaptive modulator/encoder unit 1004 
within the transmitter 1 001 at the station B on the second direction linK of the estimated channel information (or the esti- 
mated information obtained by applying an extrapolation-Interpolation to tiie estimated power gain). The adaptive mod- 
ulator/encoder unit 1004 sets the modulation level infonnation according to the notified estimated channel infomiation. 
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and sends the transmission signal xQ) along with the modulation les^el information to the second direction link on the 
channel 1002. 

[0014] The channel estimating unit 1006 within the receiver 1003 at the station A on the second direction link esti- 
mates the power gain of the channel 1002, sind notifies of the estimated channel information the demodulator/decoder 

5 unit 1007 within the receiver 1003 at the station A. The demodulator/decoder unit 1007 demodulates/decodes the 
received signal y(0 received from the second direction link after eulization k>ased on the estimated channel information. 
Additionally, the channel estimating unit 1006 within the receiver 1003 at the station A notifies the adaptive modula- 
tor/encoder unit 1004 within the transmitter 1001 at the station A on the first directton finK of the estimated channel 
information (or the estimated infbrmat'on obtained by applying an extrapolation-interpolation to the estimated power 

10 gain). The adaptive modulator/encoder unit 1004 sets the modulation level information according to tiie notified esti- 
mated channel information, and sends ttie transmission signal x(i) afong witii the nrwdulation level information to the first 
direction link on the channel 1002. 

[001 5] In this way. a reciprocating transmission of the modulation level information can be implemented. 
[001 6] In tiie meantime, if the channel 1 002 is a channel on which tiie fading of the first direction link does not con-e- 
IS late with ttiat of the second direction link, for example, an FDD (Frequency Divisfon Duplo^ channel, the following con- 
trol operations are performed. 

[0017] Rrst of ail. tiie channel estimating unit 1006 witiiin the receiver 1 003 at tiie stalfon B on the first direction link 
estimates the power gain of the channel 1002, and notifies of tiie estimated channel information ttie democlula- 
tor/decoder unit 1007 within the receiver 1003 at the station B. The demodulator/decoder unit 1007 demodu- 

20 lates^decodes the received signal y{i) received from the first direction link after equlization based on the estimated 
channel information. Additionally, the channel estimating unit 1006 within the receiver 1003 at the station B feeds back 
its estimated channel information (or the estimated information obtained by applying an extrapolation-interpolation to 
the estimated power gain) to tiie adaptive modulator/encoder unit 1004 within the transmitter 1001 (shown in Rg. 1 A) 
at tiie station A on the first direction link by using a feedt^ck channel 1 008 for the first direction link The adaptive mod- 

25 uiator/encoder unit 1004 sets the fedback modulation level information, and serKfs the transmission signal x(i) along 
witii the modulation level information to tiie first direction link on tiie channel 1002. 

[001 8] Also the second direction fink requires exactiy tiie same feedback mechanism as that described at)ova 
[001 9] in Rg. 1 A. a ti^nsmitting power comroi unit 1 005 within the transmitter 1 001 implements tiie above desaibed 
power adaptation process. 

30 [0020] Fig. 1 B exemplifies tiie signal point an-angements implemented with respective modulation methods which can 
be selected by tiie adaptive modulator/erwoder unit 1004 witiiin tiie transmitter 1001 and the demodulator/decoder unit 
1007 within ttie receiver 1003. As the modulatic»i metiiods. QPSK (Quadri-Phase Shift Keying). 16QAM (16 Quadrature 
Amplitude Modulation). 64QAM. etc. can be selected. 

[0021] Since the adaptive modulation method requires the p>rocessing unit for adaptively controliing a nxxiulation 
3S mettKxi as described above, it has the tiade-off between tiie performance and the complexi^ unlike tiie non-adaptive 
modulation metiiod. 

[0022] Wttii tile above described conventional adaptive modulation metiiod. tiie modulation level information set by 
the adaptive modulator/encoder unit 1004 within the transmitter 1001 must be added as a control signal on the trans- 
mission signal x(i) sent by the ti-ansmitter 1 001 . as stated before. Therefore, the brmsmission efficiency degrades. 

40 [0023] This control signal must be sent every state change period (such as every normalized maximum fading fre- 
quency). Because an en-or of tiie control signal causes the entire received information for one perfod (one block) to t>e 
lost, tiie error rate of the control signal nutst be decreased to a fairly tow level. Accordingly, the conventional adaptive 
modulation method requires also the redundancy for correcting an error of the control signed. 
[0024] Up to now. also tiie method for preventing the transmission efficiency from decreeing by emt^edding the mod" 

45 ulation level infonmation in tiie control signal (such as a preamble) used for another purpose, and (not by estimating but) 
t3y demodulating the control signal on a receiving side has been proposed. This method, however, imposes a restriction 
on the pattern of the control signal, which leads to a lack of generality and universality. 

[0025] During such an adaptive modulation, shown as a in Rg. 1 A. and when an adaptive power control is performed 
in such a way that the instantaneous Es/Nos, tfiat is, BERs (bit error rate) become the same, the ti-ansmission efficiency 
50 of a single user is optimized. In this case, however, tiiere is a problem in tiiat witii a cellular system, etc.. inter-cell inter- 
ference increases and tiie channel capacity significantiy degrades. 

[0026] Therefore, in a system, such as a cellular system, eto.. where a high density of base stations is assumed, as 
shewn as b in Rg. 1 . a metiiod for changing only a modulation level ML based on a channel power gain is effective. If 
such a metiiod is adapted, averaged transmitting power (symbol S can been seen in Rg. 1) becomes constant regard- 
55 less of tiie modulation level ML In the prevfous application. Japanese Patent Application No.10-070797. the maximum 
likelihood estimation is performed assuming ttiat adaptive power control is employed. For this reason, the invention 
described in the previous application could not be applied to the method of changing only a modulation level ML based 
on a channel power gain. 
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Summary of the Invention 

[00271 The present invention was developed in the background desaibed above, and an object of the present inven- 
tion is to avoid ^e degradation of the transmission effiderrcy of signals without transmitting a oontrot signal from a trans- 
5 mitking side, particularly by enabling the maximum likelihood estimation of the modulation level ML on a receiving side 
in an adaptive modulation method of changing a modulation level ML based on a channel power gain. Another object 
of the present invention is to enable this invention to be used in the system descritsed above, where power adaptation 
is employed, without any problems. 

[0028] The present invention assumes a radio transmission technology for adaptively changing a modulation level ML 
10 according to channel condition. 

[0029] The first aspect of the present invention has the following configuration. 

[0030] Rrst the squared error of the minimum value of distances t^etween each of the signal points to be received at 
the modutation levrel ML and the signal point of a received signal is calculated at each modulation level ML. 
[0031] The receiving power level of the received signal is measured. 
18 [0032] Then, a value obtained t>y multiplying the squared error calculated at each modulation level ML by a weight 
calculated from both a threshold for switching a modulation level ML and the received power level, is calculated as a 
likelihood value at each modulation level ML. 

[0033] Th^. a modulation level ML corresponding to the maximum likelihood value of the likelihood values at the 
modulation levels MLs is estimated as the modulation level ML of the received signal. 
20 [0034] The secord aspect of the present inverition has the following configuration. 

[0035] First the squared enror of the minimum value of distances t>etween each of the signal points to be received at 
the modulation level ML and the signal point of a received signal is calculated at each nxxJulation level ML. 
[0036] The average througf^ut of the received signal is measured. 

[0037] Then, each of thresholds for switching the modulation levels MLs is changed based on the average throughput. 
ss [0038] The received power level of the received signal is measured. 

[0039] Then, a value obtained by multiplyirig the squared error cak:ulated at each modulation level ML by a weight 
calculated from both a threshold for switching the modulatkm level ML and the received power level, is calculated as a 
likelihood value at each modulation level ML. 

[0040] Then, a modulation le^el ML corresponding to the maximum likelihood value of the likelihood values at the 
30 modulation level ML is estimated as the modulation level ML of the received signal. 
[0041] The third mode of the present trrvention has the following configuration. 

[0042] Rrst the squared enror of the minimum value of cfistances between each of the signal points to be received at 
the modulatton level ML and the sigrial point of a received signal is calculated at each modulation level ML 
[0043] The received power level of the received signal is measured. 
35 [0044] The average throughput of tfie received sigrial »^ 

[0045] Then, a value obtained by multiplying the squared error cateulated at each modulation level ML by a weight 
calculated from both a threshold for switching the modulation level ML and the received power level, is calculated as a 
likelihood value at each modulation level ML 

[0046] Then, a modulation level ML corresponding to the maximum likelihood value of the likelihood values at the 

40 modulation levels MLs is estimated as the modutation level ML of the received signal. 

[0047] According to the present invention, in either an adaptive modulation method for changing only a modulation 
level ML based on a channel power gain or an adaptive modulation method for performing a power adaptation in addi- 
tion controlling the nKXiulatkvi level ML the maximum likelihood value of a modulation level ML can be estimated on a 
receiving side by not transmitting a control signal to a transntitting sida 

45 [0048] According to the present invention, in a channel condition in which the average throughput is not vrproved. 
communications in which the average throughput is maintained constarrt at the cost of the bit error rate can be realized. 

Brief Description of the Drawings 

so [0049] One skilled in the art can easily understand additional features and objects of this invention from the descrip- 
tion of the preferred emt>odiments and some of the attached drawings. In the drawings: 

Rg. 1 explains the principle of an adaptive modulation metiiod. 

Rg. 2 shows the system configuration of a preferred emtxxliment of the present invention. 
55 Rg. 3 shows an example of threshold CNR vs BER performances in the prefenred embodiment of the present 
invention. 

Rg. 4 explains distances between signal points (16QAM). 
Rg. 5 shows transmission formats. 
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Fig. 6 shows the configuration of a first prefenred embodiment of the estimation unit. 
Bg. 7 explains the performances of the preferred embodiment of the present invention (fdTs = 0.001). 
Rg. 8 explains the performances of the prefen-ed enrtK>diment of the present invention (fdTs s 0.000125). 
Fig. 9 shows the configuration of a second preferred embodiment of the receiver. 
5 Fig. 1 0 shows the configuration of a third preferred embodiment of the receiver. 

Description of the Preferred Embodiments 

[0050] The prefenred enrixxSments of the present invention are described below with reference to the drawing& 

10 

< System Configuration of a Preferred Embodiment of the Present Invention > 

[0051] Rg. 2 shows the system corrfiguration of a preferred emtxxJiment of the present invention. 
[0052] In this emtxxiiment and in order to simplify, a TDD (time ctivision duplex) system is targeted in whidi there is 
IS a correlation between the fading of a first direction (from station A (#A) to station B (#B)) link and the feding of a second 
direction (from station B to station A). 

tOQSSl An adaptive modulator/encoder 104 of a transmitter 1 01 in station A executes encoding and nrxxiulation proc- 
esses corresponding to a plurality of modulation levels MLs. 

[0054] A modulation level decision unit 105 of the transmitter 101 in station A decides tiie nxxiulation level ML of a 
so signal to be transmitted, based on both an average received power reported from a received power measurement unit 
109 of a receiver 1 03 in station A and a threshold CNR yml ^ ^c:h modulation level ML. and reports it to a data selector 
106 of tiie transmitter 101 in station A 

[0055] The data selector 1 06 of the transmitter 1 01 in station A selects a ovulation signal among modulation signals 
at each of the modulation levels MLs outputted from tiie adaptive modulator/encoder 104 which corresponding to tiie 
25 nuxlulation level ML reported from the modulation level decision unit 105, and transmits it to a correlation channel 102 
as a transnvtted signal for station B. 

[0056] A ptiot-symbol-assisted channel estimation unit 108 of the receiver 103 in station B (#B) estimates the power 
gain of the conrelation channel 102 based on a pilot syntbol, wNch is a known symkx>l, received over the correlation 
channel 102. and reports the calculated estimation information to a demodulator/decoder 107 of the receiver 103 in sta- 
30 tion B. 

[0057] The demodulator/decoder 107 executes a demodulation/decoding process corresponding to each nrxxiutation 
level ML of tiie received signal based on the estimation information. At this time, tiie demodulator/decoder 107 calcu- 
lates the squared error d^^^i, of the minimum value of cfistances between data to be decoded in each process and a sig- 
nal point to be received at the modulation level ML, in each demodulation /decoding process con-esponding to each 
35 modulation level MU arid reports each d^ML & modulation level estimation unit 1 10 of tiie receiver 103 in station B. 
[0058] The received power measurement unit 109 of tiie receiver 103 in station B measures an average received 
power jf in each of the presaibed measuring sections of the received signal, and reports it to boi&i the modulation level 
estimation unit 1 10 of the receiver 103 In station B and the modulation level decision unit 105 of the transmitter 101 in 
station B. 

40 [0059] The modulation level estimation unit 110 of the receiver 103 in station B estimates the maximum likelihood 
value of the modulation level ML of the received signal, based on both a squared error d^^L at each of the modulation 
levels MLs reported from the demodulator/decoder 107 and an average received pcwer rr reported from the received 
power measurement unit 1 09. and reports the estimation result to a data selector 111. 

[0060] The data elector 1 1 1 of the receiver 103 in station B selects decoded data among the decoded data at the 
45 modulation lev^s MLs outputted from the demodulator/decoder 107 which oonres|3onding to the nrxKlutation level ML 
reported from the modulation level estimation unit 110, and outputs it as a received signal. 

[0081 ] The transmitter 1 01 in station B generates a signal to be transrretted to station A using the same operation that 
the transmitter 101 in station A uses, and transmits it to a correlation channel. At this time, the modulation level decision 
unit 1 05 of the transmitter 1 01 in station B determines the modulation level ML of the transmission signal, based on both 
so an average received power inputted from the received power measurement unit 109 of the receiver 103 in station B 
and a tiireshold CNR y^L 8t each of the modulation levels MLs. 

[0062] The receiver 103 in station A decodes tiie received signal used the same operation that tiie receiver 103 in 
station B uses. At tills time, the received power measurement unit 109 of tiie receiver 103 in station A reports the aver- 
age received power measured for the received signal to the modulation level decision unit 1 05 of the transrratter 101 
ss in station A. 

[0063] In this way, bi-directional communications with a TDD can be inplemented. 

[0064] However, if a comnrujnication system where a channel with no correlation between fading in tx3th directions is 
used, such as an FDD (frequency division duplex) system, tiiere is no difference between a TDD system arti an FDD 
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system, since lading can be handled by providing a feedback channel in a form shown in Rg. 1. 

< Principle of the Present Invention > 

5 [0065] Before the detailed configuration and operation of the preferred en^xxiiments of the present invention with the 
system configuratton described above are described, the prindples of the present Invention are described. 

(1} The present invention focuses attention on a difference In an average CNR (carrier-to-nolse ratio) at each mod- 
ulation level ML. 

10 A square-QAM modulation method with a fixed symt>ol interval Ts is studied. An M-level modulation method 

where a modulation level ML=:M has N signal points (N=:2'^) and. implicftiy. has a throughput of M bit/symbol. 
Each modulation method is assumed to have a Nyquist data pulse (Bsl/Ts) such that an average Es/No equals 
an average SNR (signal-to-noise ratio). Assuming that in such a modulation method a fading compensation is 
made in the receiver 103 shown in Fig. 2, control of the modulation levels MLs based on the average CNR of the 

IS received signal is studied. 

For example, in each of four modulation methods, that is. transmtsslon-off (MUK>). QPSK (ML=2). 16QAM 
(ML3:4) and 64QAM (Mt^), an average CNR Is calculated as Yqpsk ^^^^n ^ • Yisqam ~^^^^'^n^ ^ 
7 e4QAM ~ 21 6 ^/cT N ^ , respectively, exc^t in a transmission-off case. Here, 25 and a^^^ are the minimum cfistances 
between signal points (Euclidean distance) and a variance of an additive white Gaussian noise, respectively. The 

20 transmission>off mode is selected if a signal power or the average CNR of received signals is quite low. A theoret- 
ical averaged BER (bit error rate) in each modulation mode can be derived from this average CNR. 

As clearly seen from an average CNR value at each modulation level ML described atXTve. if the ratios of a dis- 
tance between signal points to a noise are the same, that Is. if the Es/Nos are the same and the average BERs are 
the same, average CNRs at each modulation level ML are not identical. Specifically, when the average CNR of 

2S received signals is observed, it is sufficient to conduct communications using a modulation method at a modulation 
level ML con-esponding to the observed average CNR in order to maintain the BER performance larger tfian a cer- 
tain target BER (or to maintain the BER performance at a certain target BER). 

Rg. 3 shows an example of threshold CNR vs BER performances at each modulation level ML in the preferred 
embodiment of the present invention. As seen from Fig. 3. when a BER is fixed to an arbitrary target BER» a ratio 

30 of average CNRs between modulation methods, that is. a QPSK (MU=2), a 16QAM (ML^4) and a 64QAM (ML-6) 
becomes a/a^ ^ vs 55/a^| ^ vs 215/0^, ^ % 0.048 vs 0.24 vs 1 . Therefore, in order to mairrtain the BER of the 
channel larger than the target BER. first for exa^npfe. in a 64QAM modulation method the absolute value y of an 
average CNR Y64qam equals the target BER, Is calculated, arxi this absolute value y is desig- 

nated to be the threshold of an averaged CNR for switching over a 64QAM modulation method and a 16QAM mod- 

55 ulatfon method (threshold CNR T64QAm}- Then, an absolute value 0^4y obtained tiy multiplying the switching CNR 
Y64QAM=7 ^ 0*2^ ^ designated to be the threshold of an average CNR for switcNng over a 16QAM modulation 
method and a QPSK modulatfon method (threshold CNR n sqam)- Furthermore, an absolute value 0.048y obtained 
by multiplying the switching CNR Y64qam^v 0.048 is designated to be the threshold of an average CNR for 
switching over a QPSK nrK)dulation method and a transmis^on-off mode (threshold CNR tqpsk)- example, by 

40 using three threshold CNRs y, 0.24y and 0.048y obtained in this way, the following control is implemented at trans- 
mission. First, an average CNR at a receiver is ot>served. Then, it the observed average CNR is higher than y. a 
transmission t>y a 64QAM modulation method is enrplpyed. If the observed average CNR is between threshold 
CNRs 0.24Y and y, a transmisston tsy a 16QAM modulation method is employed, if the deserved average CNR is 
between threshold CNRs 0.048/ and 0.24y, a transmission by a QPSK nKXhilation method is employed. If the 

4S ofc>served average CNR is lower than a threshold CNR 0.048r. a transmission is turned off, according to the system 
regulations, or a transmission by a QPSK modulation method is enployed. 

When the adaptive modulation controlling operation descnlsed above is applied to a TDD system, first an aver- 
age CNR is observed by a received power measurement unit 109 In each receiver 103 as the ot>serving operation 
of an average received power The enervation result is obtained by a modulation level decision unit 105 in each 

so transmitter 101 and a modulation level ML is also decided by the nxidulation level decision unit 105 in each trans- 
mitter 101 based on a threshold CNR ri^|_ at each modulation level ML 

With such a transmitting method, a control that sets the average transmitted power of a generated signal to a 
predetermined value is incorporated in each of the dynamically selected modulation methods described atxive. In 
the example shown in Rg. 2. the controi is incorporated in an adaptive modulator/encoder 104 of each transmitter 

55 104. 

By changing in this way only a modulation level ML based on a channel gain, this adaptive nrtodulation method 
can be applied to a system, such as a cellular system, etc.. where base stations are in close proximity. Since not 
only a CNR. but also another signal power standaid can also t>e applied by using a simple conversfon equation, an 
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Eb/No. Es/No. SNR. etc., can also used as a received power. 

A pilot-synnbol-assisted estimation technique is widely known as a corrpensation method for received level var- 
iations due to fading (for example, g(i) in Rg. 1). Coherent phase detection can be achieved by using this technique 
in a fading by embetting pilot symbols in transmitted signals at intervals shorter than the Nyquist interval of a max- 
imum fading frequency. Although the lost signal power can never be recovered by using any techniques, the relative 
values in an amplitude modulation method can be conpensated by using this technique. Specifically, if a pilot sym- 
bol is designated to be a signal point with the maximum amplitude, only the relative position of a trEmsmission signal 
point Ibr the maximum amplitude can be compensated. 

As coherent phase can be detected by a fading compensation, the data has both amplitude information and a 
noise corresponding to the instantaneous SNR. Then, the accumulated squared error d^MU of the distance for 
appropriate symbols (L symbols) between each received signal and nearest signal point to be received at the mod- 
ulation level ML is calculated in each demodulation/decoding process corresponding to each modulation level ML 



Rg. 4 shows diagrams of the principle of the squared error d^^L described above in a 16QAM modulation method. 
The value being subtracted (the second term) on the right-hand side of equation (1) is the value of the signal near- 
est to the actually received signal point r(i) of signal points to be received at the modulation level ML. 

Under the condition that tiie average power of signals to be transmitted is constant, as described earlier, when 
the received signal is demodulated at the same level as in is on the transmitting side corresponding to the received 
signal, the squared error d^M^ ^ modulation level ML calculated acoordng to equation (1) should tiieoretically 
be 0 Crf the noise is 0). However, if the received signal is denKxiulated at a modulation level ML different from that 
of the transmitting side con'esponding to the received sign^. the squared error c^mi_ at the nuxjulation level ML 
should have some offset with a variance. 

Therefore, it is appropriate that the squared error d^u^. calculated according to equation (1) in each demodu- 
lation/decoding process at each modulation level ML is used to estimate a modulation level ML on a receiving side. 
Qualitatively, a modulation level ML corresponding to the minimum value of the squared error d^i^i, calculated 
according to equation (1) in each demodulation/decoding process at each modulation level ML is a mcxiulation level 
ML estimated on the receiving sida 

As described earlier, on a transmitting side modulation levels MLs Sffe switched based on the average received 
CNR at a receiving sida Therefbra by applying a weighting to a received level, more accurate information should 
be able to be obtained. In the present inventi'on, since, as described earlier, a threshold CNR yml ^ switching mod- 
ulation levels MLs has a relatively constant ratio, if as described eariier. a reference (for example, the absolute value 
y) is determined, the relative values (for example. 0.247/0.048r descrit>ed earlier) can be determined uniquely. 

Taking into consideration these points, the likelihood function for each modulation level ML is defined as fol- 
lows. 



. where f(YML* Yr) ^ ^ weighting function and is proportional to a distance between a threshold CNR y^i, at each 
nxxiulation level ML and an average received power f r of the measuring duration (L symbol duration) of received 
data. This function yields a reliability. An asterisk ""^ denoted an operator. One example of an operator is multipli- 
cation. Since a likelihood function can also be used for a relative value comparison, the weighting function 
Ktml, Yr) can be a constant value in a specif to modulatton method. Qualitatively, this weighting functkm f(YML' Yr) 
worics in such a way ttiat the lower an SNR, the lower the modulation level ML; and the higher the SNR, the higher 
the modulation level ML 

As described above, in tiie present invention, a modulation level ML conresponding to the maximum likelihood 
value of likelihood functions X^lS corresponding to the modulation level ML is used as an estimated result of a 
receiving side. 




(1) 



^ = f (Y«L^ f r) * 



(2) 
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The maximum likelihood estimation method described above is effective not only for an adaptive modulation 
method for changing only a modulation level ML based on a channel power gain (or a rate adaptation), but also for 
an adaptive modulation method for tx}th a power adaptation and a rate adaptation. In this case, the weighting func- 
tion f(TML* Yr) of equation (2} works effectively (since equation (1) is the same fbr all MLs). 

(2) Maintaining an average throughput constant is an essential factor in a communication system. Fbr example, in 
a CBR (constant bit rate) service, etc. of an ATM (asynchronous transfer mode) communication method, maintain- 
ing an average throughput constant is an absolute requirement The adaptive modulation method performs a rate 
adaptation to provide a modulation level ML suitable for the diannei condition in order to maintain channel quaRty 
to be constant. 

Particularly, in the case of an adaptive modulation method of performing an adaptive control according to tiie 
change of an instantaneous value, although a constant BERA/anable rate can be achieved instantaneously (or in a 
short term), th^e is no guarantee against variation for a long term. Therefore, a constant BER/constant rate is 
implemented by controlling the transmission power so that an average received power can be maintained constant 
over a tong duratton (a plurality of blocks). AHfiough this transmission power control does not Increase interference 
as m.uGh as transmission power Gontrof following an instantaneous value (see Rg. 2Y there remains a certain 
amount of interference IHs is especially true fbr the average received power of mobile terminals on ttie edge of a 
cell because the transmission power of these terminals is fairly large. 

Even in the case of the above described instantaneous adaptive control is taken into account an adaptive con- 
trol system in which a variable BER/ constarrt rate can be inplemented over a long duration can be considered rea- 
sonably. This is a system in which there is no transmission power control. Although this does not guarantee a 
constant average BER over a long duration, a constant average throughput (transmission rate) is guaranteed. For 
example. aHhough this system does not guarantee a required BER fbr mobile terminals on the edge of a cell, the 
transmission rate is controlled and maintained at a constant value specified in the system. To be more specific, this 
system measures an average throughput on a transmitting side for a correlation channel, and measures it on a 
receiving side for a non-correlation channel. Then, when the average tiiroughput is below than a certain threshold, 
(a) the instantaneous throughput is increased (the instantaneous BER inaeases) by shifting each threshold CNR 
upward or (b) ttie modulation level ML is not changed, even rf a received signal level is lower than a threshold CNR. 

Here, the control method (a) is studied. First, since the same average throughput measuring algorithm is imple- 
mented on t>oth a transmitting side and on a receiving side where a modulation level ML is estirr^ted, a control in 
which the same threstidd CNR Is used fbr each block on both the transmitting side and on the receiving side is per- 
formed. Since the same criterion is applied to both the transmitting side and the receiving side. Information does 
not need to be transnrtitted on a threshoU CNR for each block because of a krwwn parameter. The likelihood func- 
tion Xml at each modulation level ML, expressed by equation (2), is modified as fblksws. 

^ = Hy^(blk(i) ) , * (3) 



, where a tiireshold CNR at each modulation level ML, YML(M^(i)} the threshold CNR of the i-th block which is 
given to maintain an average throughput constant 

(3) In the above (2). a control in which the same threshokl CNR is used fbr each block both on a transmitting side 
and a receiving side is performed. Here, although the same average throughput measuring algorithm as that on the 
transmitting skje is inplemented on the receiving side, as in (2), the threshold CNR at each modulation level ML 
Tml is not changed for each blocK and the weighting based on an average throughput to be measured on the 
receiving side is given to the likelihood function )Xml at each modulation level ML expressed t>y equation (2). Thus, 
the likelihood function X^L each modulation leva! ML given by equation (2) is modified as follows. 

X = K (blkli) , ML) * t (Y^, * (4) 



, where K(blk(i). ML) is a weighting function for the i-th block for maintaining a currently used modulation level ML 
in order to mairrtain an average throughput constant In other words, a weighting factor works in such a way that 
the likelihood of the used modulation level ML increasea 
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[00661 For exarrple, when an average throughput is maintained constant, the weighting function is as foilows. 



K (jblic(i), ML) = 1 (for all ML) (5) 

5 



[0067] However, when an average throughput is not mairrtained constant, the weighting function for the currently used 
10 modulation level, or that for higher modulation levels than the used nrxxiulation level in the condition that a higher mod- 
ulation level can be set against to the channel condition, is given as follows. 



K {blkii) , ML) < 1 (for a certain AIL) ' (5) 

IS 



Since tiie value of the likelihood function decreases as the likelihood increases, according to equation (6), it is prob- 
able that tile currentiy used modulation level ML or a modulation level ML higher tiian it will be selected. 

20 [0068] Fig. 5 corrpares the conventional method and the transmission format of the present invention on a transmit- 
ting side. A control signal for fading compensation, etc.. is not included. It is assumed here that the estimation symbol 
length and the frame fengtii are L and NpL. respectively and that N pl ^ L . Furthermore, in the format of the conven- 
tional method, shown In Fig. 5A, the modulation level control signal of data length N|^|_ is interpolated for each duration 
to change a modulation level ML (Ibr example, a normalization fading frequency] in addition to the irrtormation signal of 

25 the frame length Npi.. However, the present inventk>n doesnl use this modulation level control signal, and only tiie infor- 
mation signal of the frame length Npi. modulated at a modulation level ML corresponding to a channel condition Is trans- 
mitted. According to the present invention, a modulation level ML can be estimated on a receiving side from the 
information signal based on the likelihood function X^l defined by equations (2), (3) and (4). and data can be decoded 
without a reference signal. 

30 [0069] Each of the preferred embodiments of the present invention based on the operation principle described above 
is descried. 

< Rrst Preferred Embodiment of the Present Invention ) 

35 [0070] Rg. 6 shows the configuration of the first prefenred embodiment of the receiver 103 shown in Fig. 2. Compo- 
nents referred to in Fig. 6 using tiie same identification numbers used in Rg. 2 also have the same functions. 
[0071 ] Rrst. a QPSK demapper 506. a 1 6QAM demappers 507 and a 64QAM demapper 508 execute demodulation 
/decoding processes at each of modulation levels ML:=2. 4 and 6 cone^nding to each demapper for a received signal 
frame 501 of each frame length NpL (see Rg. SB) received through a Np^ delay circuit 502. Temporarily store each L 

40 symbol portion (see Fig. 5B) of each demodulated data of the frame length Np^ in L delay circuits 510. 51 1 and 512. 
These delay circuits. 510 through 512, are circuits for adjusting an L syn*d portion of a delay required for tiie estima- 
tion proems at a modulation level ML when estimation units 503 through 505. described next. 
[0072] Then, a QPSK estimation unit 503. a 16QAM estimation unit 504 and a 64QAM estimation unit 505 calculate 
likelihood functions Xqpsk* ^gcsam ^^«4QAM modulation levels fAL^2, 4 and 6 corresponding to each estimation 

45 unit for each L symbol portion (see Rg. 5B) of the received signal frame 501 received through the Np^ delay circuit 502 
according to equation (2). 

[0073] Then, a minimum value selector 509 selects a likelihood function with the minimum value of likelihood functions 
XqpsK' ^16QAM ^ ^^^4QAM> Selector 111 output the output of an L delay circuit (any one of units 510 

through 512) corresponding to the minimum value as a demodulated signal 513. 
so [0074] When an average received power r^O (or an approximation of it) is reported by a received power measuring 
implement 109, a transmission-off detection unit 514 detects a transmlssion-off. 

[0075] Here, tiie detailed cateulating operations of each of the likelihood functions, Xqpsk< ^i6QAM ^ ^^baqaw 
according to equation (2) in tiie QPSK estimation unit 503, 16QAM estimation unit 504 and 64QAM estimation unit 505 
are descril>ed. 

ss [0076] First squared errors, d ^ ,y^^ - d ^ qpsk* ^ ^ i6qam ^ ^ 64qam equation (2). can be calculated in the proc- 
ess demodulating operation process from the QPSK demapper 506. 16QAM demapper 507 and 64QAM demapper 
508. 

[0077] Then, the received power measurement unit 109 in the receiver 103 shown in Rg. 2 cateulates the average 
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CNR equals the average received power fr in equation (2) for calculating each weighting function Kyml^Y r) ^sing the 
following equation. 



10 . where Yr(0 is the Instantaneous value of the received power of each symbol in a frame with frame tength Npt_. 

[0078] Then, from weighting functions f(y ? r) ^(Yqpsk- Y r). isqam. r r) and f(Y64QAM» T r) ^" equation (2). a 
good estimation perfonnance of a modulation level ML can be obtained according to equations (8) through (10) and by 
defining a join operator as a multiplication operator. 



IS 



f (Yi60A«' ?r) * 1 (9) 

2S 



n 

^ f (Yew tr) " 1 * (10) 



. where 7 is the maximum value of a threshold CNR, that is. the absolute value of r64QAM- 
35 [0079] As a result, the QPSK estimation unit 503. 1GQAM estimation unit 540 and 64QAIVI estimation unit 505 can 
calculate likelihood functions Xqpsk> ^16Qam and Xq4qam based on an average received power Yr reported from the 
received power measurement unit in the receiver 103 (equation (7)) and equations (11) through (13) obtained from 
equations (8) through (10) and equation (2). 



^OPSr ^ ^ ^ <^QPSK (11) 



45 



^ISCAAf ~ ^ieoAH (12) 

so 

KaOAM - 1 + <^40AH (13) 



55 



[0080] It is seen from the equations above that in this preferred embodiment, each likelihood function can be calcu- 
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lated without measuring a noise level. For example, it can be measured from only a received signal strength indicator 

(RSSl). 

[0081] For example, if (f A) ^ 1 . the likelihood function is 64QAIW (ML=6): if 1 > (f /y) ^ 0.24 , the likelihood function 
is 16QAA/I (ML=4); if 0.24 > (y ^y) ^ 0.048 . the likelihood function is QPSK (MU:2): If 0.048 > (y /y) . the transmission 

5 is turned off. In these cases, the modulation level ML has favorable performances when asO.6 and psS.O. 

[0082] Furthermore, when the threshold CNR is set to a value that is 2dB less (x 0.6), and if (f /y)^ 0.6 , the likeli- 
hood function is 64QAM. and if 0.6>(y^y) ^ ^0.14. the likelihood function is 16QAM (ML»4), if 
0.14 > (y fy) ^ 0.029 , the likelihood function is QPSK (MU:2). and if 0.029 > (y ^/y) . the transmission is turned off. In 
these cases, the modulation level ML shows a favorable performances when asO.G/O.esI .0 and pn:8.0*0.6»4.8 , as in 

10 the cases above. 

[0083] If the average noise levels of both the transmissk>n and reception are the same, it is clear that since a meas- 
urement symbol duration can be adequately taken over a long duration (for example, the above frame length NpJ, the 
ratio of a threshold level to a received signal level (y /r) is the same as an estimated average channel gain (gptj in one 
block, as given in equation (14). Therefore, if an estimated channel gain (gCO) can be obtained a certain method, the 
IS modulatfon level ML can be substituted by the following equation. 



20 



[0084] If the average received power in a duratfon longer than a variatfon is constant when an instantaneous value 
2$ varies, it is also clear that an average throughput can be maintained constant by setting threshold values (relative and 
fixed value) con-esponding to the average received power, but only when the received signal level variations can be reg- 
ulated by some probability density distrftsution. 

[0085] Here, a simulation is assumed for a Rayleigh fading channel. Although in a practical system, path loss or a 
shadowing is superposed, these factors can t>e omitted since the ^imation method of a modulatfon level ML, acoord- 
30 ing to this preferred &nbodiment, only follows a received signal level. 

[0086] Rg. 7 shows both an estimation error rate (EER) performance and a bit error rate performance in an effective 
block assuming that aal .0, 0=5.0. a maximum threshold CNR/average power (E) ratio of 0.6, an average throughput 
of 4.8 bit/symbol in the following case: 

3$ Modulation method: transmissfonoff/QPSK/1 6QAM /64QAM 
Numtser of measurement synfools: 30 
Normalization fading frequency (fdTs): 0.001 

[0087] Rg. 8 shows tx3th an estinriation enror rate (EER) performance and a bit en^or rate performance in an effective 
40 block assuming that a^il .0. p=5.0. a maximum threshold CNR/average power ( S ) ratio of 0.6. an averaged throughput 
of 4.8 bit^synfool in the following case: 

Modulatfon method: transmissfon-off^QPSK/ieOAM /64QAM 
Nunfoer of measurement synfools: 60 
4S Normafizing f^ng cyde (fdTs): 0.000125 

[0088] As dearly seen from these diagrams, an estimation accuracy with a low CNR satisfying BER=10"2 which is 
higher in quality by more than three digits in an SNR and is 5dB or more greater in an SNR ratio for information bits, 
was obtained. This means that a frame error rate (PER) due to an estimation en-or has no influence on the BER of infor- 

so mation signals in the case of a frame of Npi^slOOO bits. Considering that with the approximately corrventional method 
where modulatfon level signals are transmitted using control bits, a considerable degree of redundancy is required and 
a significant reductfon of transmissfon efficiency cannot be avoided, it is dear that a system conforming to this preferred 
embodiment is superior. Fbr example, even when control signals are regularly transmitted in a QPSK whfoh provkles a 
channel with the highest quality in an SNR. under the conditions described above, the channel quality must be improved 

55 by lOdB or more. Inrplementatfon causes an inaease in redundancy, and thereby implementatfon becomes unpracti- 
cable even H error correction is performed. 
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< Second Preferred Embodiment of the Present Invention) 

10089] Fig. 9 shows the conf iguration of the second preferred embodiment of the receiver 103 in the system shown 
in Fig. 2. Components refen^ed to in Fig. 9 using the same identification numbers used in Fig. 6 also have the same 
6 functions. 

[0090] in the configuration shown in Rg. 9, a QPSK estimation unit 503, a 1 6QAM estimation unit 504 and a 64QAM 
estimation unit 505 implement tiie calculation of each of tiie likelihood functions, T^psk* ^6QAM ard X64Qami based on 
equation (3). 

[0091] In Rg. 9, an average througlput measuring instrument 801 calculates an average throughput for each pre- 
10 scribed block btk(i}, based on both a received signal 513 outputted from a data selector 111 and a transmtssion-off sig- 
nal ouiputted from a transmission-off detection unit 514, and reports the arranged to a threshold CNR calculation unit 
802. 

[0092] The tiireshoW CNR calculation unit 802 reports each of the threshold CNRs. yML{Wk©)«YQPSK(blk(i)) » 
YieoAMO^KO) and Y64QAM(bJk(0) corresponding to the average throughput reported for each block blk(0. to the QPSK 

IS estimation unit 503, 16QAM estimation urnt 504 and 64QAM estimation unit 505. respectively. 

[0093] Each of estimation units 503 through 505. for example, calculates each of tiie likeithood functions Xqpsk* 
^isQAM and >^4QAM* based on equations (11) through (13). respectively. In this case, inlbrmation reported from the 
threshold CNR calculation unit 802 to the QPSK estimation unit 503, 16QAM estimation unit 504 and 64QAM estima- 
tion unit 505 consists of only the absolute value Y(Wk(i)) con-esponding to the average throughput reported for each 

20 block blk(i). 

(Third Preferred Embodiment of the Present Invention) 

[0094] Rg. 10 shows the configuration of tiie third prefened errtxxjiment of the receiver 103 in the system shown in 
25 Rg. 2. Components referred to in Rg. 10 using the same identification numbers used in Rg. 6 relating to tiie first pre- 
ferred embodiment of the present invention, or in Rg. 9 relating to the second prefenred embodiment of the present 
invention also have tiie same functions. 

[0095] In the configuration shown in Rg. 10. a QPSK estimation unit 503, a 1 6QAM estimation unit 504 and a 64QAM 
estimation unit 505 implement the calculation of each of the likelihood functions. Xqpsk* ^isqam and Xe4QAM> based on 
30 equation (4). 

[0096] In Fig. 10. an average throughput measuring instrument 801 calculates an average througlput for each pre- 
served block blk(i}. based on both the received signal 513 outputted from the data selector 1 1 1 and a transmissksn-off 
signal outputted from the transmissk>n-off detection unit 51 4, and reports throughput to a weighting functton calculation 
unit 901. 

3S [0097] The weighting function calculation unit 901 reports each of the weighted functions, 

K(blk(q. ML) »K(blk(q, QPSIQ. K(Mk(i), 16QAM) and K(blkO}, ^ con'esponding to an average throughput 
reported for each block blk(l) to the QPSK estimation unit 503, 16QAM estimation unit 504 and 64QAM estimation unit 
505, respectively. 

[0098] Each of estimation units 503 through 505, for example, calculates each of tiie likelihood functions Xopsk* 
^ ^16QAM and X64QAM. respectively, by multiplying each of the right-hand side of equatk>ns (1 1) through (13) by each of 
the weired functions described above 

Claims 

45 1. A radio transmission method for flexibly controlling a modulation level according to conditions of transmisston 
paths, comprising the steps of: 

calculating a square error of a minimum value of distances t^etween each signal point to be received at a mod- 
ulation level and a signal point of a received signal for each modulation level; 
so measuring a received power level of a received signal: 

calculating a value obtained by multiplying a square error calculated at each modulation level by a weighted 
calculation from Mh a threshold power level for switching a modulation level and a received power level as a 
likelihood value at each modulation level; arvi 

estimating a modulation level coaesponding to a maximum likelihood value of all the likelihood values at each 
55 modulation level. 

2. A radio transmission method for flexibly controlling a modulation level according to conditions of transmission 
paths, comprising the steps of: 
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calculating a square error of a minimum value of distances between each signal point to be received at a mod- 
ulation level and a signal point of a received signal for each modulation level; 
measuring an average throughput of a received signal; 

changing each threshold power level for switching each modulation level, based on the average throughput; 
5 measuring a received power level of a received signal; 

calculating a value obtained by multiplying a square enror calculated at each modulation level by a weighted 
calculation from both a threshold power level for switching a modulation level and a received power level as a 
likeHhood value at each modulation level; and 

estimating a modulation level correspondrig to a maximum likelihood value of al! the likelihood values at each 
10 modulation level. 

3. A radb transmission method for flexitily controlling a modulation level according to conditions of transmission 
paths, conrprtsing the steps of: 

IS calculating a square enror of a minimum value of (fistances between each signal point to be received at a mod- 

ulation level and a signal point of a received signal for each modulation level; 
measuring a received power level of a received signal; 
measuring an average throughput of a received signal; 

calculating a value obtained by multiplying a square error calculated at each modulation level by a weighted 
so calculation from both a thr^hold power level for switching a modulation level and a average throughput as a 

likelihood value at each modulation level; and 

estimating a modulatton level corresponding to a maximum likelihood value of all the Hkelihood values at each 
modulation level. 



25 4. A radk) transmisston system for f lexflsly controlling a modulation level according to conditions of transmission paths, 
comprising: 

a circuit (506. 507, 508) for calculating a square error of a nrinimum value of distances between each signal 
point to be received at a modulation level and at a signal point of a received signal at each modulation level; 
30 a drcuit (109) for measuring a received power level of a received signal; 

a circuit (503. 504, 505) for calculating a value obtained by multiplying a square error calculated at each mod- 
ulation level by a weighted calculation from both a threshold power level for switching a modulation level and 
an average throughput as a likelihood value at each modulatbn level; and 

a circuit (509) for estimating a modulation level corresponding to a maximum likelihood value of all the likeli- 
3S hood values at each modulation level. 

5. A radfo transmission system for flexibly controlling a modutatfon level according to corxfitions of transn^fon paths, 
corrprising: 

40 a circuit (506, 507, 508) for calculating a square error of a minimum value of distances between each signal, 

point to be received at a modulation level and a signal point of a received signal for each modulation levei; 
a ctrctit (801) for measuring an average throughput of a received agnal; 

a circuit (802) for changing each threshob power level for switching a modulation level* based on an average 
throughput; 

45 a circuit (109) for measuring a received power level of a received signal; 

a circuit (503. 504, 505) for calculating a value obtained by multiplying a square enror calculated at each mod- 
ulation level by a weighted calculation from both a threshokj power level for swvitching a modulation level and 
an average throughput as a likelihood value at each modulation level; and 

a circuit (509) for estimating a modulation level con^esponding to a maximum likelihood value of all the likeii- 
50 hood values at each modulation level. 



6. A radfo transmission system for f lexfoly controlling a modulation level according to corxfitions of transmission paths, 
cornprising: 

55 a drcuit (506, 507. 508) for calculating a square error of a minimum value of distances between each signal 

point to be received at a modulation level and a signal point of a received signal for each modulation level; 
a circuit (109) for measuring a received power level of a received signal; 
a circuit (901) for reporting weighted functions corresponding to a reported average throughput; 
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a circuit (801) for measuring an average throughput of a recerved signal; 

a circuit (503, 504, 505) for calculating a value obtained by multiplying a square error calculated at each mod- 
ulation level by a weighted calculation from both a threshold power level for switching a modulation level and 
an average throughput as a likelihood value at each modulation level; and 
5 a circuit (509) for estimating a modulation level corresponding to a maximum likelihood value of all the likeli- 

hood values at each modulation level. 
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